Olfactory perception is highly variable from one person to another, as a function of individual and contextual factors. Here, we investigated the influence of 2 important factors of variation: culture and semantic information. More specifically, we tested whether cultural-specific knowledge and presence versus absence of odor names modulate odor perception, by measuring these effects in 2 populations differing in cultural background but not in language. Participants from France and Quebec, Canada, smelled 4 culture-specific and 2 non-specific odorants in 2 conditions: first without label, then with label. Their ratings of pleasantness, familiarity, edibility, and intensity were collected as well as their psychophysiological and olfactomotor responses. The results revealed significant effects of culture and semantic information, both at the verbal and non-verbal level. They also provided evidence that availability of semantic information reduced cultural differences. Semantic information had a unifying action on olfactory perception that overrode the influence of cultural background.
Introduction
In olfaction, perception is highly variable from one individual to another. This intrinsic characteristic of the sense of smell originates in part from the most basic levels of processing, namely the olfactory receptor level. Chemoreception is based on the activation of a combination of receptors, each receptor being coded by one of the 400 functional olfactory genes in humans (Hasin-Brumshtein et al. 2009 ). Not only is this gene family particularly large in mammals, it is also highly polymorphic (Mainland et al. 2014) , potentially causing significant individual differences in how a given smell is perceived. For example, Keller et al. (2007) showed that individuals having 2 different allelic profiles of the receptor for the androstenone molecule significantly differ in their ratings of intensity, pleasantness, and in their qualitative descriptions of that smell. Yet, the olfactory gene repertoire is not the only source of variation: many other factors related to the individuals and their interactions with the environment play a significant role in odor perception. Factors such as age, sex, personality, or pathologies are likely to modulate olfactory abilities (such as odor detection threshold) and cognitive and affective responses to smells (Larsson et al. 2000; Ferdenzi et al. 2013b; Joussain et al. 2013; Doty and Kamath 2014) . Contextual factors, such as beliefs about the perceived smell (Dalton 1996; Herz and von Clef 2001) and exposure-related factors through culture (Wysocki et al. 1991) or professional activity (Sezille et al. 2014) , are highly influential as well.
In this study, we examined the effects of culture (as a proxy of both odor exposure and contextual influences) and semantic information on odor perception. Cross-cultural studies offer a unique way to investigate the effects of experience on odor perception. Two pioneer studies made a significant impact in this area. Both studies used scratch-and-sniff smell cards that were distributed to a large number of participants on the 5 continents (Pangborn et al. 1988; Wysocki et al. 1991) . These studies suggest that odor liking depends on the frequency of exposure, indicated for instance by ratings of familiarity, but also on the context in which this odor is usually encountered. A typical example is the odor of methyl salicylate, or wintergreen. In North America, this odor is commonly used in candies and sodas, whereas in Europe it is used mainly in medicinal products such as balms for muscle care. Consequently, this odor elicits more positive affective responses in North American participants than in Europeans. These studies and others have shown that geographic proximity was associated not only with similar hedonic responses (Pangborn et al. 1988 ), but also with similarities in more complex affective responses such as evaluations of energy, soothing, or sensuality (Ferdenzi et al. 2013a) . Similarities in the odor sources present in the physical environment could explain these observations (see also Ayabe-Kanamura et al. 1998; Distel et al. 1999) . Similitudes and transmission of cultural practices involving odors (e.g., culinary and hygiene habits) may also be involved in this phenomenon. For instance, 2 cultural groups that are very distant geographically but share a common history, namely Europe and a former British colony, Singapore, are more similar in their affective responses to smells than the 2 Asian countries, Singapore and China (Ferdenzi et al. 2013a ). However, the cultural flexibility of odor perception could be less pronounced for odors with a very negative valence. There is evidence for cultural convergence in evaluations of the odors of decaying organic matter, feces, and body odors, while a higher cultural variability characterizes hedonic ratings of relatively pleasant odors such as odors from nature, cosmetic industry, or food (Schleidt et al. 1988; Schaal et al. 1998) .
Another important source of flexibility in odor perception is the nature and amount of semantic information available when smelling an odor. Herz and von Clef (2001) asked participants to smell 5 odors and evaluate them either associated with a positive or a negative label (e.g., for patchouli: "incense" and "musty basement"). They showed that pleasantness ratings of odors can be modified as a function of the label associated with them. In another study, participants reacted very differently to the same odor when they were led to believe that it was a natural, healthy extract as compared to when they were informed that the odor was potentially hazardous. The former condition led to olfactory adaptation, whereas the latter led to sensitization (Dalton 1996) . The influence of semantic information has also been observed at the nonverbal level, with effects on olfactomotor responses (sniffing) and skin conductance (Djordjevic et al. 2008) , and on functional cerebral activity such as electroencephalography (Lorig and Roberts 1990; Lundström et al. 2006 ) and fMRI (de Araujo et al. 2005) . Besides the effects of labels, the mere presence versus absence of odor names had effects on its perception. Herz (2003) found that providing odor names led to stronger hedonic ratings, that is, pleasant odors were rated more positively and unpleasant odors were rated more negatively. This finding was in line with other behavioral studies using rather pleasant odors (Distel and Hudson 2001; Seo et al. 2008) . Another study involving several cultures confirmed that identified odors elicited more extreme affective responses such as well-being, nostalgia, energy, compared with unidentified odors (Ferdenzi et al. 2013b ).
Availability of odor name also affected perceived intensity (Distel and Hudson 2001) and familiarity (Distel and Hudson 2001; Herz 2003 ; but see Seo et al. 2008) . Together, these findings show that non-sensory processes related to verbal context are important modulators of odor perception.
The aim of this study was to examine the effects of cultural background and verbal contextual information, as well as their combination, on odor perception. More specifically, we tested whether culture-specific acquired knowledge about odors would impact odor perception regardless of the verbal context, or whether providing verbal context (via odor labels) would modify odor perception regardless of the cultural differences. To that end, we tested 2 groups of participants with equivalent linguistic (i.e. both groups are native francophone speakers) but disparate cultural (i.e. 1 group originating from Quebec, Canada, and the other group originating from France) backgrounds. We recorded their emotional responses to odors presented first without any associated information and then together with their names. Emotional responses to odors are expressed at different levels, from conscious and possibly verbalized subjective feelings to physiological changes, and motor expression (e.g., Scherer 2000) . Getting a comprehensive picture of affective responses to odors thus requires using different methodological approaches, at the verbal (Churchill and Behan 2010; Ferdenzi et al. 2013a) , autonomous (e.g., Alaoui-Ismaïli et al. 1997a; Bensafi et al. 2002c ) and motor levels including sniffing behavior (Bensafi et al. 2003 (Bensafi et al. , 2007 . In this study, odor perception was thus measured through verbal responses, using ratings of pleasantness, intensity, familiarity, and edibility, but also through nonverbal olfactomotor responses (sniffing behavior) and psychophysiological responses [facial electromyographic activity, heart rate (HR), and respiratory rate (RR)].
Materials and methods

Participants
Participants were recruited in Montreal, Canada (N = 20) and in Lyon, France (N = 20), in both cases in the academic setting, and most were students. We included only participants originating from and having spent most of their lives in the studied country, as did their parents and grandparents. The data of one Canadian participant were excluded due to technical problems during the psychophysiological recordings. Thus, a total of 19 Canadian participants (9 women, 10 men) and 20 French participants (10 women, 10 men) were included in the data analyses. They were 24.8 ± 2.9 years of age (range 20-33), with no significant age difference between cultural groups (t 37 = 1.16 P = 0.252) and between men and women (t 37 = 0.40 P = 0.692). Four Canadian (2 men, 2 women) and 3 French participants (1 man, 2 women) reported being smokers. Based on participant's reports, exclusion criteria were: abnormal olfaction, history of neurological disease or injury, history of nasal insult (broken nose or surgery). The European Test of Olfactory Capabilities (ETOC) performed at the end of the session confirmed normal olfactory function, that is, detection score > 14 out of 16 (Thomas-Danguin et al. 2003) . Participants were asked to avoid eating 1 h prior to the experiment as well as not to use any fragrant products or not to smoke on the day when testing took place. They provided written consent prior to participation and received monetary compensation for their participation, which was equivalent in amount but paid in currency of each country. The study was conducted according to the Declaration of Helsinki and was approved by the MUHC Research Ethics Boards (Neurosciences and Psychiatry).
Odorants
The following 6 odorants were used (odorant code, volume/volume concentration and manufacturer are given in brackets): lavender (LAV, 10%, lavender oil from SAFC Supply Solutions), anise (ANI, 1%, Trans-anethol from Sigma-Aldrich Inc), maple (MAP, pure maple syrup from Decacer Degelis), wintergreen (WIN, 10%, Methyl Salicylate from Sigma-Aldrich Inc), strawberry (STR, 20%, strawberry flavor from Bell Flavors & Fragrances), and rose (ROS, 50%, rose fragrance from Bell Flavors & Fragrances). All odorants but MAP were diluted in mineral oil, absorbed on a scentless polypropylene fabric (3 × 7 cm; 3M, Valley) to optimize evaporation and presented in 15 mL amber flasks (opening diameter: 1.7 cm; height: 5.8 cm; filled with 5 mL of the odorous solution). MAP and WIN were selected as more typical of Quebec ("Canadian odors"), LAV and ANI as more typical of France ("French odors"), whereas STR and ROS are frequently encountered in both cultures ("Common odors"). This selection was largely validated by participants' familiarity ratings and identification responses, as reported in the Results section.
Procedure
After explaining the procedure to the participants, the experimenter installed the equipment for recording physiological responses. Once the recorded signals became stable, the experiment could start. Participants were informed that they would smell several odors one after the other, and that each trial would begin with the auditory instruction "Please prepare to sniff. Three, two, one", following which the experimenter would present a flask with an odor. They were instructed to sniff each flask for as long as it is presented, not to move and to look straight in front of them for the following 60 s.
At the end of each trial, they were requested to rate the pleasantness, intensity, familiarity, and edibility of each odor on a 9-point scale ranging from 1 = "not at all pleasant", "not at all intense", "unknown" or "not at all edible" to 9 = "very pleasant", "very intense", "very familiar", or "very edible". The rating scales were visually presented and left in front of the participant throughout the experiment. For each odor presentation, the experimenter placed the flask 1 cm below the subject's nose for 3 s ( Figure 1A ) immediately after the audio countdown, waited for 1 min and then recorded the ratings that the participants provided orally. In the first round of presentations, the 6 odorants were presented without names and participants were asked to identify them or if unable, to describe them. In the second round of presentations, directly following the first round, each odor was presented together with its name. Presentation order was randomized in each condition, but the same 20 predetermined random orders were used in the French and Canadian samples. The condition "without label" was always conducted before the "with label" condition, because the reverse would inevitably compromise the "without label" condition by leading the participants to associate the odor with the label previously provided by the experimenter. The participants were informed that they were going to smell the same 6 odors twice. Each participant received 12 olfactory stimuli in total, and data acquisition lasted ~20 min. At the end of the session, the ETOC was administered, which lasted about 10 min.
Physiological measures
Intra-nasal sniffing was recorded continuously during the experimental session using an airflow sensor (AWM720, Honeywell, France) connected to a nasal cannula positioned in both nostrils ( Figure 1A ). The sniffing signal was amplified and digitally recorded at 256 Hz using LabVIEW software®. The first aim of this measure was to synchronize the physiological recordings with effective odorant perception, starting with the very first inhalation of the odor. Audio instructions to smell, recordings of sniffing behavior, rating prompts, and rating responses recorded by the experimenter were performed using computer A, while other physiological recordings were performed using computer B, and the 2 computers were synchronized. At the beginning of the first inhalation immediately following the end of the countdown (corresponding to odor stimulus onset), a trigger was automatically sent by computer A to computer B to define the onset of the 60-s window of interest used to analyze the physiological data. The second aim of this measure was to record sniffing behavior in response to each odor. The following characteristics of the first sniff occurring at each stimulus onset were analyzed: inspired volume, sniff duration, and maximum sniff amplitude ( Figure 1B ). Volume and sniff duration were computed between the inhalation starting point and the point where the flow returned to zero.
Other physiological parameters were recorded simultaneously and continuously during the experiment: electromyographic activity of the facial corrugator muscle, heart rate (HR), and respiratory rate (RR). All parameters were sampled and recorded at 256 Hz. Data were converted and amplified via an 8-channel Procomp+ amplifier (Thought Technology, Montreal, Canada) and displayed, reduced, and analyzed off-line.
Electrical activity of the corrugator muscle was measured by facial electromyography (EMG), expressed in microvolts (μV), with band pass filtered from 20 to 500 Hz. Two miniature Ag/AgCl electrodes (diameter, 0.8 cm) were placed above the left eyebrow and a third one was placed in the middle top of the forehead ( Figure 1A) , after cleaning the skin. Self-adhesive pre-gelled disposable electrodes were used (UniGel single electrodes, Thought Technology). Data were reduced to EMG area under the curve and number of peaks, calculated during a time window of 10 sec after odor onset ( Figure 1C ). This time window was chosen to limit analysis to facial mimics induced by the olfactory stimuli.
HR was measured by photoplethysmography using a blood volume pulse detection sensor (3.2 cm/1.8 cm LED-type photodetector) placed on the palmar side of the thumb of the non-dominant hand. Data were reduced to pulse rate in beats per minute, analyzed in the 60-s window after the onset of the stimulus ( Figure 1C) . RR was measured with a self-adhering belt placed abdominally over clothing (100 cm rest length, 3.5 cm width) and equipped with a girth sensor recording changes in abdominal circumference (10 cm maximum elongation). Data were reduced to respiration frequency in cycles per minute, analyzed in the 60-s window after the onset of the stimulus ( Figure 1C ).
Data analysis
Outliers were removed before data were analyzed. For each participant, values exceeding the participant's mean ± 3 SDs were removed. Outliers were found only for EMG data (N = 2 for volume under the curve and N = 6 for number of peaks) and were replaced by the individual's mean computed over all other trials. Data were not standardized since comparisons were made not only within but also between individuals. There were missing values either due a technical problem with the trigger or to excessive noise in the physiological signal rendering it impossible to analyze (0.2%, 8.0% and 1.7% of the verbal, physiological and sniff responses, respectively): to allow inclusion of the concerned participants in the data analyses, we replaced the missing values by the average value of the variable obtained for that cultural group in that condition.
Mixed ANOVAs were conducted on the verbal and physiological variables, with Odor (LAV, ANI, MAP, WIN, STR, ROS) and Semantic Information (no name, odor name) as within-subject factors, and Country (France, Canada) as a between-subject factor. Post hoc planned comparisons were conducted to characterize significant effects and interactions. Statistical analyses were run with Statistica v.12 (Statsoft Inc.). Additionally, to investigate the overall effect of individual success in odor identification on the ratings and physiological variations between the condition with and without label, we used linear mixed effects model (in R v.3.0.1, R Development Core Team 2011). We tested the fixed effect of odor identification (successful, not successful) on the difference between conditions with and without label (with label minus without label). Participant and odor were introduced as random factors in the model. Categorization of odor identifications into successful vs. unsuccessful was based on a lenient criterion, that is, correct and almost correct responses were considered successful.
Results
Cultural differences
There were significant Country × Odor interactions for ratings of familiarity (F 5,185 = 4.44, P < 0.001), pleasantness (F 5,185 = 3.04, P < 0.05), edibility (F 5,185 = 7.91, P < 0.0001), and intensity (F 5,185 = 3.18, P < 0.01). These interaction effects were not significant for any of the measured physiological variables. Regarding "Canadian odors", MAP and WIN were significantly more familiar in Quebec than in France, and WIN was also rated more pleasant and more edible in Quebec than in France (see results of the post hoc tests in Figure 2 ). In addition, there were differences in identification of these odors between the 2 groups: MAP elicited fewer responses in French (60% could not generate any identification response or association) than Canadian (26% no identification) subjects, even if only one Canadian correctly identified it as maple syrup. In both groups, this odor was mostly related to something sweet (25% of the French and 37% of the Canadians). For WIN, 53% of the Canadians associated it with candies and mint which was never the case in the French, whereas 55% of French participants versus 21% of the Canadians related this odor to health products and medication. Note that no participant in either cultural group ever used the plant name "wintergreen". Regarding "French odors", LAV tended to be more familiar to French participants but no difference was found for ANI (see post hoc tests in Figure 2 ). LAV was also more often correctly identified by the French (80%) than by the Canadians (21%), who related this odor more often to cosmetic, household or medicinal products (42% of the participants). While 50% of the French identified ANI as anise and 25% as licorice, this trend was reversed in the Canadian group, in which 16% described it as anise and 53% as licorice. The perceptual similarity between the 2 products, associated with the fact that licorice seems to be common in North America, explains why ANI was not evaluated as more familiar in France as expected. Finally and in keeping with our predictions, familiarity ratings of the "Common odors" STR and ROS did not differ between French and Canadian participants (see post hoc tests in Figure 2 ). The identification responses to the 2 common odors were also similar: 60% of the French and 63% of the Canadians identified STR as "strawberry" or more vaguely as "candy", and 50% of the French and 47% of the Canadians identified ROS as "rose" or more vaguely as "flower". Lastly, ANI and STR received lower intensity ratings in France than in Quebec (see post hoc tests in Figure 2 ).
Main effects of Country were not significant for the perceptual ratings and this was the case with all physiological variables, except the EMG area under the curve that was larger in Quebec than in France (F 1,37 = 14.10, P < 0.001).
There were significant main effects of Odor on intensity ratings (F 5,185 = 36.29, P < 0.0001) and sniff volume (F 5,185 = 3.40, P < 0.01). According to post hoc tests, both effects were due to MAP that was perceived as less intense than the other odorants and was consequently associated with larger sniffs. Finally, there were also significant main effects of Odor on ratings of familiarity (F 5,185 = 16.38, P < 0.0001), pleasantness (F 5,185 = 10.03, P < 0.0001) and edibility (F 5,185 = 57.84, P < 0.0001) (see Figure 2 for more details).
Effects of semantic information
Providing the participants with an odor name in the second part of the experiment significantly increased the ratings of familiarity (main effect of Semantic Information: F 1,37 = 9.76, P < 0.01), pleasantness (F 1,37 = 9.63, P < 0.01), edibility (F 1,37 = 21.44, P < 0.0001) and intensity (F 1,37 = 13.71, P < 0.001). There was also a main effect of Semantic Information on sniffing behavior, with shorter and smaller sniffs when odor name was provided (sniff duration: F 1,37 = 3.82, P = 0.058; sniff volume: F 1,37 = 6.69, P < 0.05), and on HR which decreased in the presence of odor labels (F 1,37 = 5.56, P < 0.05) (see Figure 3) .
Significant Odor × Semantic Information interactions were found for familiarity (F 5,185 = 10.99, P < 0.0001), pleasantness (F 5,185 = 3.99, P < 0.01), and edibility ratings (F 5,185 = 12.37, P < 0.0001). Specifically, post hoc tests (see results in Figure 3 ) revealed that when knowing the odor identity, participants gave higher familiarity ratings to MAP, STR, and ROS, while WIN was rated as less familiar than when its name was not available. Odor labels also increased pleasantness and edibility ratings for MAP and STR, while providing odor labels did not influence ratings of intensity. Lastly, presence of odor labels had a significant effect on the respiration rate (F 5,185 = 4.68, P < 0.001), which was higher when smelling MAP (see post hoc tests in Figure 3 ). An additional mixed model analysis revealed that successful odor identification during the first odor presentation influenced how familiarity rating, edibility rating and EMG area under the curve varied between the first (without label) and the second (with label) odor presentation (familiarity: t = 4.05; edibility: t = 3.43; EMG area under the curve: t = 2.27; ps < 0.05). These effects were not significant for the other variables. More specifically, familiarity and edibility ratings did not significantly vary between the label conditions in participants who correctly identified the odor, as the variation (with label minus without label) was not significantly different from zero in a singlesample t-test: Δ familiarity = −0.04 ± 1.88, t 135 = 0.27, P = 0.785; Δ edibility = +0.15 ± 2.03, t 135 = 0.89, P = 0.376). In contrast, familiarity and edibility ratings significantly increased in participants who gave an incorrect label (variation significantly different from zero in a single-sample t-test: Δ familiarity = +1.11 ± 2.54, t 96 = 4.32, P < 0.001; Δ edibility = +1.78 ± 3.25, t 96 = 5.40, P < 0.001). For EMG, the variation was negative in case of successful identification (Δ EMG area under the curve = −2.07 ± 21.15) and positive in case of unsuccessful identification (Δ EMG area under the curve = +2.38 ± 26.70) but these variations did not significantly differ from zero (t 96 = 0.88, P = 0.383 and t 135 = 1.14, P = 0.255 respectively), probably due to high variability.
Effects of semantic information on cultural differences
Country × Semantic Information interactions reached significance for respiration rate (F 1,37 = 4.29, P < 0.05) and the EMG number of peaks (F 1,37 = 5.59, P < 0.05). Specifically, respiration rate and EMG number of peaks were significantly higher in France than in Quebec when no semantic information was provided, but these differences disappeared when the odor names were provided (see results of the post hoc tests in Figure 4 ). The decrease of cultural differences between the conditions without and with label is further illustrated by the Cohen's d effect sizes: based on general guidelines for small (d > 0.2), medium (d > 0.5), large (d > 0.8), and very large (d > 1.3) effects (Cohen 1988; Rosenthal 1996) , effects changed category whether a label was provided or not (from 0.56 to 0.29 for respiration rate, and from 0.93 to 0.53 for EMG number of peaks).
Finally, the Country × Semantic Information × Odor interactions were close to significance for edibility ratings (F 5,185 = 1.98, P = 0.084) and sniff volume (F 5,185 = 1.94, P = 0.089). In particular, there was a country effect for specific odors presented without label: larger sniff volume for ANI in France than in Quebec and higher edibility ratings for WIN in Quebec than in France. For the sniff Figure 3 . Averaged ratings (familiarity, pleasantness, edibility, and intensity), sniff duration and volume, and heart and respiration rate in response to 6 odorants (MAP: Maple Syrup, WIN: Wintergreen, ANI: Anise, LAV: Lavender, STR: Strawberry, ROS: Rose) when presented with and without label. These graphs illustrate significant main effects of Semantic Information or significant Semantic Information × Odor interactions (both countries are collapsed). For the latter, results of the post hoc planned comparisons between with and without label for each odor are represented with the following symbols: ***P < 0.001, **P < 0.01, *P < 0.05, +P < 0.10; ns, not significant. volume, this effect disappeared (became non-significant) when the odor name was provided (see post hoc test in Figure 4) . Similarly, the effect diminished for edibility (see post hoc test in Figure 4) . Again, the decrease of cultural differences between the conditions without and with label is illustrated by the Cohen's d effect sizes: effects changed category when a label was provided (from 0.70 to 0.08 for sniff volume and from 1.88 to 1.18 for EMG number of peaks).
Discussion
The aim of this study was to investigate the effects of cultural background and semantic information (presence vs. absence of odor names) on odor perception. Using 6 pre-selected odors (4 culturespecific and 2 non-specific odors), our main findings are that both culture and semantic information influence odor perception, but also that providing semantic information about the odors reduces cultural differences.
Cultural differences were largely in keeping with how we preselected the odorants, at least at the perceptual level. Odors more specific to Quebec, that is, wintergreen and maple, were perceived as more familiar by participants from this culture than by French participants. The reverse was found for the French odor of lavender, while no cultural differences were found for the French odor of anise. This was likely due to the fact that this odor was highly evocative of licorice, an odor commonly encountered in Quebec. As expected, culture non-specific odors, that is, strawberry and rose, did not elicit any differences in perception. These effects were not observed at the olfactomotor or physiological level. Among the physiological indicators, the only cultural difference we found was a more intense EMG activity of the facial corrugator muscle-in terms of area under the curve-in Canadian than in French participants. This was the case regardless of the odor, and we hypothesize that this was possibly associated with cultural differences in emotion expression between Quebec and France. But this hypothesis remains to be examined further, since these cultures seem to have rather similar display rules for emotion expression: Matsumoto et al. (2008) found greater expressivity in "individualistic cultures" such as North America and Europe compared to "collectivistic cultures" such as some Asian countries.
A major source of variability in our study was the presence or absence of semantic information concomitantly with the presentation of the odorant. When the experimenter announced the odor name just before placing the odorant flask under the participant's nose, odors were perceived as more familiar, more pleasant, more edible and more intense, compared to the no-label condition. It seems that providing information about the odors rendered the percept more salient, both perceptually and emotionally. These results are fully in line with other studies with regard to odor intensity (Distel and Hudson 2001) and emotional salience (Herz 2003; Seo et al. 2008; Ferdenzi et al. 2013b ). Thus, a top-down regulation mechanism is very likely to occur when semantic information about the odors is provided. The fact that perceptual characteristics of the odors are flexible according to which object is associated with (spontaneously or forced by the experimenter) is consistent with the Results of the post hoc planned comparisons between France and Quebec for each condition (with or without label) are represented with the following symbols: ****P < 0.0001, ***P < 0.001, **P < 0.01, * P < 0.05; ns, not significant.
object-centered view of olfactory perception (Olofsson et al. 2012) . Especially, identity of the odor source is involved in the processing leading to valence judgments, at least for the pleasant floral and food odors used in our study: it may not be the case of other odors, namely aversive ones signaling a potential threat, for which affective responses need to be rapid and may bypass cognitive processing related to odor objects. The effect of semantic information we found was evident when all 6 odors were collapsed together, but it was more prominent for some odors. It seems that this effect was most pronounced for maple. Providing its name not only influenced the familiarity, pleasantness and edibility ratings, but also this experimental manipulation had a large effect on the respiration rate. It turned out that this odor was weaker than the other odorants and thus possibly more difficult to evaluate. Indeed, participants may have made more sniffs to try to get more sensory information out of it to make their judgments. Providing odor names also had effects on perception of the strawberry odor, as it increased perceived familiarity, pleasantness, and edibility for this odor. In the case of wintergreen, participants responded differently than to other odors: providing the label "wintergreen" made it less familiar to the participants, probably because the names of the products in which this odor is used are more familiar than the name of the plant it originates from (Chrea et al. 2007) .
In this investigation, we were not able to completely rule out the possibility that the present findings could also be explained by the order bias in the label conditions, as the condition without label was always conducted first. We acknowledge that the effects of repeated exposure may be difficult to dissociate from the effects of label discussed above. However, there are several arguments favoring the interpretation that the findings are an effect of label per se, rather than a repetition effect. First, although the increase of familiarity between the first and second odor presentation could be attributed to repetition ("mere exposure effect" : Zajonc 1968) , the increase in pleasantness and intensity, which we also found, are not consistent with changes usually observed with stimulus repetition. Indeed, previous findings indicate that repeated exposure was associated with a decrease in perceived intensity (Cain 1969 ) and a decrease in pleasantness (Cain and Johnson 1978; Ferdenzi et al. 2014) . Second, the fact that label had different effects as a function of odor (i.e. effects are different for wintergreen compared to the other odors) also suggests a real influence of the label per se, and not a repetition effect. Finally, the finding that the increase in ratings between the first and the second odor presentation was observed only in participants who provided an incorrect label during the first presentation (results for familiarity and edibility), and not in participants who already knew the identity of the odor (no variation) also suggests a label rather than an order effect.
With regard to the non-verbal measures, we found that sniff duration and sniff volume decrease when semantic information is available compared to the no-label condition. Sniffing, that is the active sampling of olfactory information through the nasal cavity, tends to be inversely proportional to odor concentration (e.g., Warren et al. 1994; Johnson et al. 2003) . In addition, pleasant odors are sniffed more intensely than unpleasant ones (Bensafi et al. 2003 (Bensafi et al. , 2007 , but it seems that subtler variations in pleasantness within the positive end of the hedonic range cannot be discriminated by olfactomotor behavior (Ferdenzi et al. 2015) . Therefore, sniff variations found in the present study are more likely to reflect perceptual intensity, and the need for sensory information than the subtler label-related pleasantness variations. The formation of a mental representation of the odor is undoubtedly faster when the odor name is provided, compared to the other condition where participants were identifying the odor by themselves. In the latter case, sampling the odor more intensely is necessary to form the olfactory mental image. It is also possible that presenting labeled odors after the same unlabeled odors decreased the need for sensory information (and therefore the sniffing behavior).
We also found that heart rate was lower in the label compared with the no-label condition. A decrease in heart rate reflects a deactivation of the autonomous nervous system, that is lower arousal, a phenomenon that has been associated with pleasant, relaxing odors (Brauchli et al. 1995; Alaoui-Ismaïli et al. 1997a , 1997b Bensafi et al. 2002a Bensafi et al. , 2002b Campenni et al. 2004) . In the present study, this decrease could be associated with the increase of odor pleasantness in presence of a label. In addition, participants might have felt less challenged in this part of the experiment because they were not required to identify odors, which is known to be a very difficult task when no cue is provided (Cain et al. 1995) . Such heart rate variations may also be reinforced by odor repetition: it might be that participants were more relaxed during the second half of the experiment because they got used to the setting.
Last but not least, how did cultural and semantic factors interact? Several interactions between culture and semantic information were found in the present study. Namely, differences between cultures found in the no-label condition (higher respiration rate, higher EMG number of peaks, larger sniff volume for anise and lower edibility rating for wintergreen in France compared with Quebec) either vanished or diminished when the odor name was provided. This is consistent with the notion of some unifying action of semantic information on olfactory perception that overrides other influences such as, for example, the cultural background. It suggests that mental representations activated by odor names (at least for the set of odors we chose) are more similar between cultures than the mental representations activated by sensory information alone or by individually evoked odor associations that are inevitably more heterogeneous. The fact that both cultural groups use the same language (French) may have favored the elicitation of rather homogeneous mental representation between cultures. Importantly, the interaction between culture and semantic information reported here was seen with both verbal and non-verbal measures. This is in line with previous work showing relationships between variations in odor perceptual properties and psychophysiological responses (Rouby and Bensafi 2002; Delplanque et al. 2009) .
While the present study provides new evidence that semantic knowledge and culture modulate olfactory processing, some of our statistical choices and findings deserve discussion. Indeed, one limitation of our results is that no statistical correction for multiple comparisons was applied. This methodological choice was motivated by the fact that we were interested in subtle differences (e.g., perception of the same odor under different cultural or label conditions) rather than clear and strong differences (e.g., responses to a strongly pleasant vs. strongly unpleasant odor). To evaluate the effect of such a statistical procedure on our findings, we applied a correction for multiple tests (Holm-Bonferroni procedure for 11 repetitions corresponding to 4 ratings and 7 physiological variables; Holm 1979) . Results showed that 18 of the 22 significant probabilities (ps > 0.0454) remained above or close to significance level (ps > 0.0964). Only Country × Semantic Information and Country × Semantic Information × Odor interactions became non-significant, while the separate effects of culture and label were maintained (except label effect on heart rate and sniff duration, non-significant). This suggests that interactions between culture and label are subtle effects that must be confirmed. Replication is thus needed in other cultures, with other-maybe more contrasted-odorants, and with larger samples given the high inter-individual variability of psychophysiological responses.
Notwithstanding the above limitations, this study highlights the importance of semantic information associated with odors and its ability to modulate both subjective (perceptual ratings) and physiological and olfactomotor responses. It also suggests that semantic information exerts a unifying action on these variables across cultures, even in the case of culture-specific odorants. Together, these results shed further light on individual sources of variability in odor perception.
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